As parents, we celebrate our baby's first movement in the womb and come to equate this behaviour with the baby being awake. We talk to the baby, or even play it Mozart. The former is a natural, spontaneous part of parent-fetus bonding, whereas the latter may reflect an attempt to enhance its brain development. But, do the fetus' kicks truly indicate that it is awake? When does wakefulness, or for that matter, sleep and its sub-states first appear during development? When do fetuses first sense the outside world, and does such stimulation influence brain development? Although many of these questions remain unresolved, a new study of brain development in chicken embryos in the egg, reported by Balaban et al. [1] in this issue of Current Biology, has revealed selective sensitivity to maternal vocalizations even before the forebrain -the brain region involved in higher-level processing -becomes active. Moreover, maternal vocalizations cause the entire brain to become active as an integrated system earlier than expected, a state that may awaken the brain to further influences from the outside world.
The chicken embryo might seem like an unusual model for gaining insight into the development of sleep and wakefulness in the mammalian brain. Despite their divergent evolutionary histories, however, many aspects of brain function during wakefulness and sleep are remarkably similar in mammals and birds [2] . As in mammals, birds exhibit two types of sleep, rapid eye movement (REM) and non-REM sleep, that apparently evolved through convergent evolution [3] . In both groups, REM sleep is usually associated with high levels of wake-like activity in the forebrain, associated with reduced skeletal muscle tone briefly interrupted by twitching of the limbs and rapid eye movements. In contrast, during non-REM sleep the body is largely quiescent while the forebrain alternates once per second between on-states with wake-like neuronal activity and off-states with neuronal quiescence. These brain activity patterns manifest in the forebrain electroencephalogram (EEG) as large, slow-waves during non-REM sleep, and small, fast-waves during REM sleep and wakefulness. Given the similarities between mammalian and avian sleep, and the fact that early stages of brain development can be more readily examined in the egg than in utero, the chicken embryo serves as a powerful model for examining the ontogeny of sleep and wakefulness.
Interest in the ontogeny of sleep was first sparked by the observation that infants spend large amounts of time asleep. Subsequent electrophysiological studies showed that the composition of sleep also changes with age. Notably, 50% of sleep is REM sleep in full-term human infants, more than twice that observed in adults [4] . REM sleep comprises an even greater proportion of sleep in premature infants. This pattern, also observed in other mammals [5] , led to the hypothesis that brain activation occurring during REM sleep plays a role in directing early brain development [4] . Motivated in part by this hypothesis, researchers have attempted to reveal the earliest phases of sleep ontogeny. This has been challenging, however, because the forebrain EEG correlates of REM and non-REM sleep are not present during the earliest stages of brain development.
Recent work has focused on rats, which are born during this 'pre-EEG' stage. At this time, periods of behavioural quiescence are interrupted by rapid, uncoordinated twitching of the limbs, behaviours thought to be homologous to the spontaneous activity occurring in human fetuses -those early kicks that parents naturally attribute to wakefulness. However, given that this fetal activity is controlled by the same brainstem regions that orchestrate similar twitching occurring during unequivocal REM sleep in older mammals, these early kicks seem indicative of REM sleep rather than wakefulness [6] . On the basis of this and other lines of evidence, alternating periods of twitching and quiescence during the 'pre-EEG' stage are thought to reflect early stages of REM and non-REM sleep, respectively [7] . An alternative view, however, argues that this early behaviour reflects a dissociated brain state that only organizes into distinct REM or non-REM sleep states around the time when EEG activity first appears [8] . Regardless of which interpretation is correct, emerging evidence suggests that fetal limb twitching provides sensory input to the neocortex that helps establish the sensory map of the body therein [9] . REM sleep [10] , as well as non-REM sleep [11] , occurring after EEG differentiation also appears to play a role in brain development.
Early electrophysiological studies of sleep in chicken embryos revealed brain and behavioural states in large part similar to those described in infant mammals [12, 13] . Balaban and colleagues [1] have taken this work one step further by employing a novel, minimally-invasive approach to gain a whole-brain view of development and its association with behaviour and sensory processing of the embryo in the egg. Instead of performing invasive electrophysiological recordings, high-resolution positron emission tomography (PET) and structural X-ray computed tomography were used to measure regional glucose metabolism, an indicator of neuronal activity. In addition, the behaviour of the embryo was recorded by perching the egg on three phonograph needles that recorded vibrations as small as those resulting from each heart beat.
Balaban et al. [1] found that in young embryos, which exhibited the greatest amount of movements, only the spinal cord and ventral brainstem were metabolically active, a finding consistent with the absence of significant EEG activity at this age. Movements at this age are uncoordinated and twitchy [14] , much like those described during REM sleep. As the age of the embryos increased, the likelihood of higher brain regions, including the forebrain, being active increased. Interestingly, forebrain activity was greatest when the embryos were relatively still and lowest when the embryos were active. This finding was unexpected, because fetal activity is usually attributed to REM sleep or wakefulness in mammals, states associated with high forebrain metabolic activity in adults [15] . Instead, Balaban et al. [1] suggest that the periods of high forebrain metabolic activity associated with low movement might actually reflect REM sleep. This interpretation is based on the finding that metabolic activity in the muscles controlling the pupil and jaw were high and low, respectively, as expected for REM sleep [16] . The timing of this state also coincides roughly with the age when REM sleep first becomes discernable via the EEG in chicks [12, 13] .
In contrast, the chicks which showed high behavioural activity and low forebrain activity at this age may have been in non-REM sleep, a state associated with low metabolic activity in the forebrain of adult mammals [15] . The unexpectedly high behavioural activity during this state may reflect coordinated movements involved in preparation for hatching [14] known to occur during non-REM sleep [12] . Future studies combining electrophysiological recordings with PET imaging may further delineate the ontogeny of brain metabolism patterns and their association with distinct sleep states and embryonic behaviours.
Perhaps the most eye opening result of Balaban et al. [1] came from their investigation of sensory processing in embryos. The authors presented either a maternal chicken call or an acoustically similar, but ecologically meaningless, control sound to embryos at an age when the forebrain is not active and at an older age when only a small proportion of embryos show forebrain activation. In young embryos, neither sound caused forebrain activation. In contrast, in older embryos, the chicken sound, but not the control sound, caused more than a doubling of the proportion of chicks showing high metabolic activity across the entire brain similar to that observed in awake postnatal chicks (Figure 1 ). Thus, even at an age when the forebrain tends to be off-line, ecologically meaningful sounds can be heard and interpreted, resulting in the earlier than expected emergence of a fully activated, and perhaps functionally integrated brain.
Although the implications of these findings remain largely unexplored, this initial awakening may enable chicks to perform higher-level cognitive processes that depend on a fully activated and integrated brain. As has been shown in quail, however, the effect of prenatal experience on postnatal neurobehavioural performance is complex and not always positive [17] .
In this regard, further work on chicks employing the approach developed by Balaban et al. [1] may inform the debate over whether stimulation from the environment, such as music directed at the human fetus, enhances or impairs brain development [17] . Given the role that sleep plays in normal brain development, perhaps for now it is best to let nature take its course and allow fetuses to sleep undisturbed by Mozart [18] . Small RNAs guide repressive chromatin modifications to regions of the genome containing transposons and repeats. An Arabidopsis genetic screen reveals that the guidance machinery includes a novel ATPase complex that could act as a dynamic molecular gripper.
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In addition to genes and sequences needed to replicate chromosomes, eukaryotic genomes are riddled with potentially destructive transposons and transposon-derived repeats. [6] [7] [8] [9] [10] . DMS3 contains a hinge dimerization domain similar to the hinge domains found in structural maintenance of chromosome (SMC) proteins that control chromosome organization, but, unlike other SMC proteins, DMS3 lacks an ATPase domain [6] . In this new study, Lorkovic and colleagues present the most recent discovery from the genetic screen, an ATPase DMS11 [5] . They show that DMS11 interacts with DMS3 to constitute a complex with the potential for driving a dynamic component of the RNA-directed DNA methylation machinery.
Based on a combination of genetic and biochemical approaches, the current view is that RNA-directed DNA methylation involves tethering of small RNA-protein complexes at the target region on the DNA by nascent non-coding RNA transcripts that read through the target region (Figure 1 ) [11] . Small RNA complexes could base-pair with nascent transcripts in a similar interaction to the small RNA complex-messenger RNA interaction that occurs during RNA interference, or they could base-pair with unwound single-stranded DNA in the transcribed region. Small RNA complexes then serve as platforms to recruit DNA methyltransferases and other chromatin-modifying factors to the target region. Plants have evolved an RNA polymerase variant -Pol V -that is specifically dedicated to making the tethering transcripts for RNA-directed DNA methylation. How Pol V differs from RNA polymerase II to facilitate non-coding transcription in DNA methylated regions of the genome is a key question in this field.
For genetic dissection of the small RNA-directed DNA methylation pathway, including Pol V function,
